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ABSTRACT 

This paper proposes a new multimode wireless receiving system based on Blind 

Source Separation (BSS) for Orthogonal Frequency Division Multiplexing (OFDM)  

signal (based on Wireless Local Area Network (WLAN)) and the Wideband Code 

Division Multiple Access (WCDMA) signal (based on 3G cellular system). The 

proposed system applied the Independent Component Analysis (ICA) algorithms 

(adopting Fast-ICA and JADE algorithms) for blind estimating of the received 

signals. The processes of estimation, detection of the signals and equalization of the 

channel effects are done as blind methods at the same time. A performance 

comparison of the adopting algorithms had been done and the simulation results show 

that the multimode receiving system based on Fast-ICA algorithm had a gain of (7 

dB) over JADE algorithm for a (10-4 BER) of 30 users WCDMA blindly signal 

detection. 
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 WLAN/ WCDMAلنظامي  الأنماط العمياءسلكية متعددة لاال لمستقبلةا
 

 الخلاصة 
لمصامد   انعما الفصال  أتام  عكا  مبعادد اننمام  لاتاكي  ددياد يقدم هذا العمل نظامم اتابقلمل

حتا    OFDMإشام    الحديثا  لفصال ااتابنبمن نااعين مان أشام اص الابصاملاص  المتابكم  الإشام  
. يتاابمدم النظاامم المقباا ز ماا  مياامص (G3)حتاا  نظاامم  WCDMA  اإشاام    (WLAN)نظاامم 

لغ ض بممين الإشم   المتبكم   ( JADEاالـ   ICA-Fast )ماا  مي  الـ  البحكيل المتبقل لكعنمص 
ايشا  اإلغام  باا ثي   نام  الإ تاامل  ا  نفاا   ايشا  الإشاام اص باابم عمكيامص بممااينا. لصاا   عميام 

 مبعادد اننمام  نظامم الاتابقلملبامج  المحميام  البا  بام إد اإهام إن اباضا  ن لشيل أعم  بمممم الا ص
نتال   10)-4 (مقادا هم  نتل  م  لـ dB 7))   ل  لقيم  يحققICA-,   Fastماا  مي لملاعبممد عك  
 .JADE  إل  ماا  مي
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INTRODUCTION  

he multitude of wireless communication system types and the convergence of 

different type of communication networks will continue to be a challenge for 

the mobile terminal implementations. In future, different types of networks 

will be employed which increases the transceiver complexity even further. For 

example, users might want to browse the internet through the Wireless Local 

Area Network (WLAN), while making a voice call through a cellular network [1]. 

Moreover, the mobile terminals should be able to detect the available

Networks and to select the appropriate connection based on the desired application. 

Multimode wireless systems require that users are equipped with mobile terminals 

that can operate in several wireless networks [1].  

The multimode wireless systems are aim to solve the network coverage 

insufficiency during the wireless network transition, holding the user during the 

wireless network transition and providing legacy service which the subscriber is 

familiar with. Where, in most countries or regions, only limited communication 

modes exist, the multimode terminal is capable of solving the problem of different 

communication modes when the user is traveling in different regions. The multimode 

terminals are providing differentiated service and improving user satisfaction. Often 

different modes provide diverse data rate, communication services, and fees. The 

classical approach to design multimode systems by integrating separate modules, 

each module covering one standard in ordered to support multiple modes will give 

prohibitively large and rigid solutions for future multimode mobile devices [2].  

Several systems for multimode wireless communication systems had been 

proposed; the design of a programmable baseband receiver platform for the 

Wideband Code Division Multiple Access (WCDMA) and the Orthogonal Frequency 

Division Multiplexing (OFDM) mobile terminals is presented in [3]. The platform is 

composed of a core processor type Reduced Instruction Set Computer (RISC) and set 

of coprocessors, the coprocessor provides the functions needed to implement the 

WCDMA and OFDM receiver algorithms, the (RISC) processor is used to initiate the 

coprocessor functions and to implement channel estimation and equalization tasks 

[3]. An adaptive multimode wireless communication system that are implementing on 

dynamically reconfigurable hardware is presented in [4], the digital baseband 

processing of a High Performance LAN (HiperLAN/2) system based on OFDM 

receiver and the Universal Mobile Telecommunications System (UMTS) based on 

WCDMA receiver were mapped on of the processor type MONTIUM [4]. 

A design for digital front end of the multi-mode wireless receiver is proposed in 

[5]. The proposed design can handle the Global System for Mobile Communications 

(GSM) /Enhanced Data Rates for GSM Evolution (EDGE), Code Division Multiple 

Access 2000 (CDMA2000), UMTS standards operation by sharing digital signal 

processing stages for all operation modes and adapting them for minimum power 

consumption with respect to the channel selection requirements. Another design of 

the multi-mode receiver subsystem for onboard wireless communication in an 

airplane is proposed in [6]. The subsystem can provide several different 

T 
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communication systems including WLAN, Worldwide Interoperability for 

Microwave Access WiMAX, WCDMA, CDMA2000 communication systems and 

can be achived a maximum channel bandwidth  up to 20MHz, the main 

characteristics of subsystem is miniature size and low cost. 

A design for the multistandard based on sigma-delta method for Analogue to 

Digital Converter (ADC) stage is proposed in [7]. The proposed design can handle 

the GSM, WCDMA and WLAN standards, achieving low power consumption by 

making the unused stages inactive. 
A CMOS process design of wideband wireless receiver is proposed in [8] based on   

Software Defined Radio (SDR). The proposed design for wideband RF front-end 

includes a low noise amplifier (LNA), a mixer; intermediate frequency amplifier and 

a variable gain amplifier can cover the frequency range from 100MHz to 2GHz. 

Another design for dual input-channel multi-mode wireless receiver platform based 

on Software Defined Radio (SDR) is presented in [9]. The receiver platform 

compatible with the GSM, WCDMA, and Wireless Fidelity (Wi-Fi) standards can 

detect and identify the surrounding base stations and access points. 

Despite this literatures, none of previous work is adopting the blind methods for 

estimating the transmitting signals without using the training signals. In this paper a 

new multimode wireless receiving system based on Blind Source Separation (BSS) 

for estimating the OFDM and WCDMA signals without any modification in 

transmission side or using the training signals is proposed. 

 

Blind Source Separation and Independent Component Analysis  

The Blind Source Separation gives a solution for unsolvable problem: assuming 

that some unknown mixing of unknown variables, using only the observed data, the 

aim of BSS, generates the observed data is to find both the mixing structure and the 

original components (signals) of the mixture [10]. In communications, blind methods 

have a wider application. Given that available bandwidth is both finite and scarce, 

and the need for higher data rates is incessant, blind methods offer promising 

solutions that require no training data. This provides a means to increase the data rate 

by allowing transmission of user data in place of training data [11]. 

Independent component analysis (ICA) is a popular method for solving the BSS 

problem. By assuming that the unknown variables are statistically independent, ICA 

tries to estimate both the mixing matrix and the original sources. The ICA needs to 

examine mixtures from several independent observations (mixing signals) from 

multiple received antennas [12]. Let S be the original source of signals, A be the 

mixing matrix, and X be the mixed signals, then 

 

X = AS                                                           … (1) 

 

The object of blind signal separation is to recover the original signals S from the 

mixed signals X by estimating the separation matrix W. The estimated signal Y is 

 

Y= W X = W(AS) = (WA)S                          …(2) 
 

By observing the above equation, it is apparent that the condition WA = I (or ideally 

W = A−1) must stand (in order the estimating signals equal to the original signals). 
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There are many ICA algorithms proposed to find W adopting different types of 

measurements. One of the popular algorithms is Fast-ICA, which use the following 

update rules [13]: 

 

WYYgEYYgEW TT )]([)]([                              … (3) 

 

Where g (u) =tanh (a.u), W = W+/║ W+║ 

JADE (Joint Approximate Diagonalization of Eigenmatrices) is another famous ICA 

algorithm [14], JADE algorithm uses the second order cumulate (covariance matrix) 

for decorrelated the data and diagonalization of the eigenmatic of the fourth-order 

cumulate (kurtosis matrices) for making the data as independent as possible.  

 

The Proposed Multimode Transceiver System Model 

The multimode wireless terminals are proposed for providing the capability of 

receiving signals corresponding to different transmission modes and different signals 

of different standard, these signals typically different by coding, modulation schemes 

and frame format. The benefits of the proposed multimode receiving system based on 

the (WLAN) (adopting the OFDM signaling system) and the 3G cellular mobile 

communication system (adopting the WCDMA signaling system), is the strength of 

the two system types i.e., combining the high mobility, the wide coverage ranges 

form the cellular mobile communication system and a high data throughput from the 

WLAN system. 

This paper considers the issue of designing multimode wireless system based on 

BSS principle. The aim of this work is to designing the multimode receiving system 

based on BSS which adopting the ICA algorithms for blind separation, equalization, 

detection simultaneously the OFDM signal system and WCDMA signal and this will 

make our receiver the first multimode receiving system adopting blind methods. 

The proposed model of the multimode wireless system is shown in Figure (1) and 

(2). The transmission part is shown in Figure (1) including two transmission systems, 

OFDM and WCDMA transmitter, while  the receiving system is shown in Figure (2) 

which including the proposed ICA receiver for estimating the original signals form 

the observation mixtures of signals based on ICA algorithms and the two branches of 

receiver, the OFDM and WCDMA receivers. 

 The proposed multimode receiving system does not contain any stages of 

estimation and equalization the channel effects that exist usually in conventional 

receiving system. The proposed ICA receiver received the observed mixture of 

transmitted signal after they propagated through the wireless channel through a dual 

antenna system (since, the ICA receiver needs to observed mixture of signals form 

different receiving antennas). The proposed ICA receiver estimates the mixing 

matrix, which is equivalent to the channel effects, and the separation matrix that is the 

inverse of the mixing matrix, so the ICA receiver is practically equalized the effects 

of channel blindly. 

The OFDM transmitter is shown in Figure (1). The input data stream is first 

converted from serial to parallel, and then mapped into any kind of digital modulation 

according to the constellation map. The output is then pass through the N-points 

Inverse Fast Fourier Transform (IFFT) to generate the OFDM symbol. The output 

data from the N-points IFFT is then converted from parallel to serial and a cyclic 
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prefix is added. The data are sent to the receiver over the channel after being 

converted to a frame structure (serial data stream). The channel consists of a Rayleigh 

fading with Additive White Gaussian Noise (AWGN) effects. The frame structure 

consists of modulated data only without using the pilot signal, thus increasing the 

spectral efficiency of the transmitted signal. At the receiver the inverse operation is 

employed, the cyclic prefix is removed and a serial to parallel conversion is achieved 

for the signal. The N-points Fast Fourier Transform (FFT) is used to convert the 

signal from time to frequency domain. The signal is then de-mapped and converted 

back to serial output stream.  

The IFFT output sequence of an OFDM symbol could be expressed as [15] 
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 (n = 0,1,2, …,N-1), where N is the subcarrier number and Xi is a symbol. Following the 

frequency to time domain conversion, the signal is extended, and the cyclic prefix is 

added: 
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Where Tt = T + TCP is the total OFDM symbol duration, T is the useful OFDM 

symbol duration and TCP is the cyclic prefix duration, where each OFDM symbol is 

preceded by a cyclic prefix. This is an exact copy of the last TCP seconds of the signal 

that represents the current OFDM symbol.  

The WCDMA transmitter is shown in Figure (1). The input data stream Un of the 

nth user is first modulated according to the specific type of modulation introduced by 

the system. The output is then spreading by multiplied with the spreading code 

sequence; using the Walsh code sequence. The output data from spreading process is 

passing through the pulse shaping filter then transmitted through the wireless channel. 

At the receiver the inverse operations are employing, the received signal (after 

separating the WCDMA signal using ICA receiver) will through the pulse shaping 

filter, despreading by correlation with the same code sequence which is used in 

transmitter, then digitally demodulation to retrieved the original data stream of the 

user.  

Considering a WCDMA system with N users, the baseband signal is given by  

 

)()(
1

c
i
n

i

N

n

i
n iTtCUtS 



                 … (6) 

N is the number of users in the system, 
i
nU  is the ith  bit transmitted for the nth user, 

i
nC  is the spreading code sequence of the nth user, Tc is the chip time. Then, S(t) is 

fed through the pulse shaping filter. The pulse shaping reduces the intersymbol 

interference effects and the spectral bandwidth of baseband signals, so 
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)()()( tgtStc                                   … (7) 

 

where g(t) is the impulse response of the pulse shaping filter, which should be chosen 

so that its has zero-crossings at multiples of the chip period. A filter is fulfilling this 

property is the raised cosine pulse shaping filter. The impulse response of the raised 

cosine pulse-shaping filter [16]  
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For the proposed multimode system the chip rate is Rc=4.096 MHz, the chip duration  

s
MHz

Tc 244.0
096.4

1


 ,the value of Roll-off factor   is 0.22 [17].  

The receiving system consists of the proposed ICA receiver, which received the 

observation signals through a dual antenna system, and the successive stages of the 

OFDM and WCDMA detection systems. The ICA receiver perform a blindly signals 

separation process for the observation signals adopted one of the ICA algorithms, 

then the ICA receiver defining the separated signals by minimizing the Euclidean 

distance between the receiving and separating signals for solving the order ambiguity 

inherent in ICA algorithms. The separating signals then delivering through its own 

branch of the receiving system for completing the detection processes of both signals.  

The observation mixture signals model xk(t) is defining

as follows: 

 

)()()( tntAStx kk                               … (9) 

 

where k= 1, 2 is the antenna index, t is the time index, n(t) is AWGN and S(t) is the 

matrix of OFDM and WCDMA signals, 
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coefficient of Rayleigh fading channel, 
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. The specification of the 

transmitting WCDMA based on 3G cellular system and OFDM signal based on IEEE 

802.11a system are as illustration in Table (1): 

 

 

Table (1): The specification of the transmitting WCDMA 

and OFDM signals. 

 

Simulation parameters / WCDMA signal Simulation parameters / OFDM signal 

Modulation scheme BPSK Modulation scheme BPSK 

Spreading factor 32 No. of all subcarriers 52 

Frame length 10 ms No. of data subcarriers 52 

Bite rate 128 Kbps No. of (FFT / IFFT) 64 

Chip rate 4.096  Mcps No.of Cyclic prefix 16 

Frequency band 2110-2170 MHz Frequency band 4200-6200 MHz 

Channel bandwidth 5 MHz Channel bandwidth 20 MHz 
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SIMULATION RESULTS   

The performances of the proposed system are evaluated through a computer 

simulation using a MATLAB code. The effectiveness and validity of the multimode 

receiving system is testing first by OFDM symbols estimation process. For the 

purpose of performance comparison (SNR vs. BER), the proposed ICA receiver of 

the multimode receiving system adopting two algorithms (Fast-ICA and JADE 

algorithms). The ICA receiver is working for estimating the OFDM and WCDMA 

signals form their observation mixtures based on assumption of their mutual 

statistical independence and equalized the effect of Rayleigh fading channel, which 

already caused the mixing process of the signals. Then, the OFDM symbols detection 

process is completing using the successive stages of the OFDM receiving system 

after identification of OFDM signal from the two estimating signals using the 

minimization of Euclidean distances between the separating and receiving signals.  

Figure (3) shows the performance comparison of the ICA receiver based on Fast-

ICA and JADE algorithms for detection the OFDM signal. It is seen that the 

performance of Fast-ICA and JADE are very close to each other especially at high 

SNR. At low SNR (SNR less than 1dB), the JADE perform better than Fast-ICA 

algorithm, while at high SNR (SNR between 6 and 9 dB) the JADE algorithm gives 

slightly better performance than the Fast-ICA, i.e., for 8 dB the JADE achieves a 

BER of (2×10-4) while Fast-ICA algorithm achieves a BER of (7×10-4). Both 

algorithms give a BER of (1×10-4) at SNR of 9 dB. In general, both tested algorithms 

perform very well for separation the OFDM signal from the received observation 

signals and the multimode receiving system gives a very good result for detection the 

desired OFDM signal.  

    In the same time, the ICA receiver adopting the Fast-ICA and JADE algorithms 

is used for estimating the WCDMA signal forms the received mixtures of signals. 

The despreading and demodulation processes are completing using the successive 

stages of WCDMA detector.  

       The performance comparison of the ICA receiver based on Fast-ICA and JADE 

algorithm for different number of users (k=10, 20, 30) are shown in Figures (4), (5) 

and (6). Figure (4) shows that the JADE had quite clearly better separation capability 

than Fast-ICA for all rang of SNR. At SNR of 2 dB JADE performs a BER of (2×10-

3) for 10 users while Fast-ICA had a BER of (3×10-2), at SNR of 3 dB both algorithms 

had a performance of (2×10-4) and the Fast-ICA had a zero BER at SNR > 4 dB 

,while JADE had a zero BER at SNR > 3 dB. 

For 20 users WCDMA signal detection, Figure (5) shows that JADE performs 

better when SNR is low, while Fast-ICA performs better when SNR is high. At SNR 

of 4 dB Fast-ICA performs a BER of (2×10-1) while JADE had a BER of (8×10-3), at 

SNR of 7 dB Fast-ICA performs a BER of (6×10-4) while JADE had a BER of (2×10-

3) and the Fast-ICA had a zero BER at SNR > 8 dB ,while JADE had a zero BER at 

SNR > 7 dB. 

For 30 users WCDMA signal detection, Figure (6) shows that JADE performs 

better, when SNR is low, while Fast-ICA performs better when SNR is high. At SNR 

of 4 dB Fast-ICA performs a BER of (9×10-2) while JADE had a BER of (3×10-2), at 

SNR of 8 dB Fast-ICA performs a BER of (4×10-4). While JADE had a BER of 
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(1×10-3) and the Fast-ICA had a zero BER at SNR > 9 dB, while JADE had a zero 

BER at SNR > 16 dB. So, it is clear that the Fast-ICA had an improvements 

performance when number of users is increasing, while JADE had a degradation 

performance when number of users is increasing. Fast-ICA had a gain of (7 dB) over 

JADE algorithm for a (10-4) BER for 30 users WCDMA. The flowcharts of the 

proposed multimode system are shown in Figures (7) and (8). 

 

CONCLUSIONS  

This paper considers the issue of designing multimode wireless system based on 

BSS principle. The multimode receiving system based on ICA algorithms used for 

blind separation, detection the OFDM signal based on WLAN system and WCDMA 

signal based on 3G mobile systems. The advantages of this technique include there is 

no need for channel equalization stage, i.e., no training sequence is required, all frame 

length of signals are using for data. The ICA algorithms are utilized to the OFDM and 

WCDMA blind separation and detection simultaneously for multimode wireless 

receiving system.  
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Figure (1): The OFDM and WCDMA Transmitter Models. 
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Figure (2): The Proposed Multimode Receiving Model. 
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Figure (3): Performance of the Proposed System for 

Detection the OFDM Signal. 
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Figure (4): Performance of the Proposed System for Detection 

the WCDMA Signal (10 Users). 
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Figure (5): Performance of the Proposed System for Detection 

the WCDMA Signal (20 Users). 
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Figure (6): Performance of the Proposed System for Detection 

the WCDMA Signal (30 Users). 
 

 
Figure (7) Flowchart of the Main Program of the 

Proposed Multimode system. 
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Figure (8) Flowchart of the Sub Program (Multimode_System 2) 

of the Proposed Multimode system. 


